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Cross-R ference to Related Applications 

5 This application claims the benefit under 35 U.S.C. § 1 1 9(e) to provisional 

application No. 60/423.039, filed November 1 , 2002. the entire contents of which 
are incorporated herein by reference. 

Background of the Invention 

10 Natural gas is often unavailable in regions where consumers are located, 

making it necessary to move the natural gas firom remote areas. Cun^entty, there 
are four (4) methods for moving the natural gas between locations: transport by 
pipeline, liquefaction of the light hydrocarbon, conversion of natural gas to a 
liquid or solid product to allow for transport and conversion of natural gas to 

1 5 electricity for transport by cable. Each of these methods has Hs iimitatibns. 

Transport by pipeline is a highly popular method for transport. However, 
this may not be feasible due to the extreme distances between natural gas 
resources and consumers* which increases cost 

Liquefaction of the ^ht hydrocarbon allows for several different 

20 installations and transport Baseload plants can produce liquefoction of the light 
hydrocarbon, but are not commonly found. Currently, baseload plants are 
available at about fifteen (15) sites throughout the world. Each site has at least 
^ one train, and each train can cany up to five (5) million tons per year. Methane 
tankers are another option for transport.. Methane tankers can transport a 

25 cryogenic liquid at temperatures of about -160"C, but only about one hundred 
tankers have this capabifily. Another possibility for liquefection of the light 
hydrocarbon is the LNG terminal. At a LNG terminal, the liquefied natural gas 
from the methane tanker is unloaded, then vaporized and sent to pipelines. A 
final option for liquefaction is peak-shaving plants. These small liquefaction 

30 plants near consumer zones liquefy and store the natural gas when demand is 
low and vaporize the gas when demand is high. 

Converting the natural gas to liquid or solid products, which may easily be 
transported, is anotiier possibility. The conversion can be done through several 
metiiods. The first method, requires tiiat the natural gas be converted to heavy 

35 synthetic hydrocarbons in two steg s. With, the first stage, synttiesis gas. an 
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oxygen enriched gas is required to produce a mixture of hydrog n and carbon 
monoxide by partial oxidation or autotiiemial refpnfning. The second stage 
requires a catalytic reaction, such as the Fi$cher*Tropsch type. With th second 
meUiod for converting the natural gas into a liquid or solid product, natural gas is 
converted into a methanol or usjsd to produce ammonia or fertilizer. 

Finally, natural gas can be converted into electricity in cogeneration plants. 
The electricity is ttien transported by cable. Similar to transport by pipeline, this is 
not economical over long distances. 

Liquefdction or conversion of the natural gas.botti require significant 
investment to make the process profitable. The first syneigy t>etween the two 
processes (Itquefadion and conversion) is to t)e found in the upstream and 
downstream infrastructures. Upstream if the two units are on the same site, they 
may use the same gas fields and the same pipeline to transport natural gas to 
the site. The pretreatiinent of the natural gas before liquefection or 
transformation into synthesis gas can also be common to tiie two units. The 
downstream ^ort infrastructures can also be common. The same utilities (water; 
steam, instrument air) can be common to ttie two units. 

It has been proposed in WOOO/71951 to use the energy produced by the 
vaporization of liquid nitrogen, liquid oxygen or liquid argon to liquefy natural gas!. 
US patent 5,390.499 and French Patent 2,122,307 concern heat transfer 
between vaporising liquid nitrogen and liquefying natural gas. UK Patent 
2,172,388 dc^scrflbes an air separation unit which produces oxygen and liquid 
nitrogen. The liquid nitrogen removed from the air separation unit is tiien 
transported to a remote site and used to liquefy natural gas. The gaseous 
nitrogen produced is then used for enhanced oil recovery. 

' Regarding liquefa^on cydes for the production of LisiG, several solutions 
are described in various publications (for example. "Deveiopmente in natural gas 
liquefaction" in Hydrocarbon Processing April 1999). The most effitient is the 
cascade riefrigerabon cyde: refrigeration is provided, by three different 
refrigerante, Really methane, ethylene and pi^opane, each been vaporised at 
several pressure levels. The most used is the mixed .refrigerant cyde with 
propane precooling where a multicomponent mixture of hydrocarit)ons (typically 
propane, etiiane, methane and/or nitrogen) perform the final cooling of natural 
gas while a separate propane cyde perform the precooling of natural gas and 
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said mixed refrig rant This cyd is describ d in US Patent 3,763,658. The last 
cyde whteh has never kieen used in a baseload plant due to its relative high 
power consumption is the j^xpander cycle. US Pat nt 5,768,912 shows various 
possible improvements of such a cyde but none is iabie to attain the effidency of 
5 the propane precooled mixed refrigerant cyde. 

Summary of the Inventfon 

it is an object of this invention to provide a process to liquefy natural gas in 
combination with an air separation unit with isentropic expansion and without 

10 having such a high power consumption. The invention consists in using the cold 
that can be generated by the air separation unit through isentropic expansion 
preferably together with liquid vaporisation In order to liquefy natural gas. The 
basic idea consists in using the cold streams removed from the distillation section 
under liquid or gaseous fonm, enriched in nitrogen, oxygen or argon in order to 

15 cool the natural gas by indirect heat exchange. As the heat for warming those 
cold streams is no longer fuify available to cool down the air, isentropic expansion 
is used to cool down directly the air Another solution consists in performing 
isentropic expansion on one of the cold streams in order to increase the quantity 
of cooling provided by the cold streanis and therefore be able to cool down 

20 natural gas and air. Air expansion will be the preferred solution because 
recyding can be either avoided or minimised. Generally, recyding increases the 
duty of an heat exchanger therefore increasing its irreverstbilify. 

As used herein, the tenn "recyding" means that at least in a given section 
25 of the heat exchanger, at least a portion of the fluid after e)q)ansion is being 
wanned. In this same given section there is at least a portion of the fluid prior to 
the expansion. The tenm ^'liquefaction" also indudes the pseudo*liquefaction 
which occurs when natural gas is coojed down at a pressure above supercritical 
pressure. 

30 A process as per the invention will benefit from the following advantages 

as compared to the cascade or mbced refrigerant cyde or a combination of the 
two v^tch have been used in ail the i>aseload plants to date: 

1. the problem of distributing vapor and liquid phases in the heat 
exchanger is basically eliminated; therefore, it will be possible to 
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use brazed aluminium h at exdiangeris which aie mor ffident 
and less expensive than das^ical spiral wound exdiahgers; they 
also allow more streams in th heat exchangen 
2. temperature controiism.uche9Sterwhen a gas is expanded: 
5 3. startrup/shutrdown of the plant is simpler 

4. tolerance to variation In composition of the feed Is Mghen 
. 5. storage of the refrigeration fluids in the cascade cyde or the various 
components of the rriixed relrigerant in order to fill the drcuits prior 
.to start-up or to compensate for losses during operation is not 
10 anymore required. 

According to one embodiment of the invention, there is provided an 
integrated process for the separation of air by cryogenic distiilatjon and 
liquefaction of natural gas in which at least part of the refrigerab'on required, to 
. liquefy the natural gas is derived from at least one cryogenic air distillation plant 
15 comprising a main heat exchanger and distillation columns, wherein the natural 
gas liquefies by indirect heat exchange In a heat exchanger with a cx)ld fluid, the 
cold fluid being sent to the heat exchanger at least partially in liquid fomn and 
undergoing at least a partial vaporization in the heat exchanger. 
According to further optional embodiments of the invention: 
20 1. isehtropic expansion provides the refrigeration for the liquefaction 

of the natural gas;. 

2. the air separation unit comprises a double column, with a thermally 
. linked medium pressure column and low pressure column and 

wherein air is expanded in a turbine before being sent to the 
25 medium pressure column: 

3. the natural gas is liquefied wlttiin the main heat exchanger of a/the 
cryogenic air distillation plant in which feed air for the cryogenic air 
distillation plant is copied to a tempuerature suitable for distiliation 
and the coM fluid is at least one liquid stream, enriched in at least 

30 one of oxygen, nitrogen and argon with respect to air, which 

vaporises in the .main heat exdiangen 

4. . all the air to be separated in the cryogenic air distiiiatibn plant is 

cooled in the main heat exchanger; 
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5. the natural gas is liquefied by heat exchange in an additional heat 
exchanger other than th main heat exchanger with at least one 
cold fluid which has previously been cooled by a vaporising liquid In 
the main heat exchanger of at least one air distillation plant; 
'5 6. the natural gas is liquefied by means of a dosed circuit in which a 

cold fluid flows, said cold fluid being wanned by heat exchange with 
the flquef^ng vaporising natural gas and cooled by heat exchange 
in the main heat exchanger 

7. the cold fluid is chosen from the group comprising nitrogen, argon, 
1 0 CF4, HCF3, methane, ethane, ethylene and propane; . 

8. gaseous nitrogen from the cryogenic air distillation plant is sent to 
the additional heat exchanger; 

9. the cryogenic air distillatiori plant produces pressurised oxygen for 
at least one of a GTL plant, a methanol plant or a DME plant fed by 

15 natural gas; 

to. all of the refrigeration required to liquefy the natural gas is derived 
from a single cryogenic air distillation plant tiie columns of the 
plant tiie main heat exchanger and the further heat exchanger 
being situated within a single cold box; 

20 11. part of the refrigeration required to liquefy the natural gas is derived 

from at least two cryogenic air distillation plants, each comprising a 
main heat exchanger and distillation columns, said main heat 
exchanger and distillation columns being within the cold box, the 
part of the refrigeration required to liquefy tiie natural gas being 

25 produced by vaporisation of at least one liquid stream, enriched in 

oxygen, nitrogen or argon, produced by one of the distillation 
columns, and ttie natural gas lk|uefies by heat exchange in a 
ftirther heat exchanger by heat exchange with a cold fluid removed 
from each cryogenic air distillation plant; 

30 '1 2' natural gas prior to undergoing indirect heat exchange witii said 

cold fluid is at least partially precooled at a temperature below OX 
by indirect heat exchange with at least one fluid not derived from 
any cryogenic air distillation plant; 
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13. said fiuid($)-not derived from any cryogenic air distiilation plant 

comprises propane. 
According to a further mbodiment of the invention there is provided 
integrated apparatus for the separation of air by cryogenic distiilation and 
5 liquefaction of natural gas in which at least part of the refrigeration required to 
liquefy the natural gas is derived from at least one cryogenic air distillation plant 
comprising a main heat exchanger and distillation columns, comprising means for 
sending natural gas and a cold flirid at least partially in liquid form to a heat 
exchanger, means for removing liquefied natural gas from tiie heat exchanger and 
1 0 means for removing at least partially vaporised cold fluid from the heat exchanger. 

According to further optional embodiments related to the apparatus 
features of the invention: 

1. isentropic expansion provides tiie refrigeration for ttie liquefaction 
of the natural gas; 

15 2. the air separation unit comprises a double column^ with a ttiermaily 

linked medium pressure column and low pressure column and a 
turi3ine in vrtiich air is expanded and means for sending the 
expanded air to the medium pressure column; 

3. the apparatus comprises means for sending the natural gas to be 
20 liquefied to ttie main heat exchanger of a/ttie cryogenic air 

distillation plant, and wherein the cold ftukl is at least one liquid 
stream, enriched in at least one of oxygen, nitrogen and argon with 
respect to air, which vaporises in the main heat exchanger, 

4. the apparatus comprises means for sending all ttie air to be 
25 separated to the main heat exchanger, 

5. ttie apparatus comprises an additional heat exchanger other ttian 
the main heat exchanger and means for sending ttie natural gas to 
be liquefied and at least one cold fluki which has previously been 
cooled by a vaporising liquid in the main heat exchanger of at least 

30 one air distiilation plant to the additional heat exchanger; 

6. ttie apparatus comprises a closed circuit passing through ttie main 
and additional heat excharigers in which the at least one cold fluid 
flows; 



7 

0:ACX5R.lp\AAA Paterds^S9970-FIONA\9970 - NonproMlsional AppUcation.doc 



I 



7. the apparatus comprises means for sending gaseous nitrogen from 
the at least one cryogenic air distillation plant to the additional heat 
exchanger; . 

8. the apparatus ccmiprises means for sending pressurised oxygen 
5 from the cryogenic air distillation plant to at least one of a 6TL. 

mettianoi and DME plant fed by natural gas; 

9. all of the refrigeration required to liciuefy the natural gas is derived 
from a. single ciyogenic air distillation plant the columns of the 
plant the main heat exchanger and the further heat exchanger 

10 t)elng situiated within a Single cold box; 

10. part of the refrigeratioii required to liquefy ttie natural gas is derived 
from at least two cryogenic air distillation plants, each comprising a 
main heat exchanger and distillation columns, said main heat 
exchanger and distillation columns being within the cold box, the 

1 5 part of the refrigeration required to liquefy the natural gas being 

produced by vaporisation of at least one liquid stream, enriched in 
oxygen, nitrogen or argon, produced by one of the distillation 
columns, and the natural gas liquefies by heat exchange in a 
further heat exchanger by heat exchange with a cold fluid removed 

20 from each cryogenic air distillation plant 

11. the apparatus comprises means for precpoling the natural gas prior 
to undergoing Indirect heat exchange with said cold fluid; 

12. said means for precooling comprises a heat exchanger and means 
for sending propane to tiie heat exchanger. 



25 
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Brief Description of the Drawings. 

. Figure 1 to 5 are schematic diagrams of installations according to the 
invention. 

Figure 6 shows tiie prior art 

Detailed Description of the Invention 

Several embodiments of tiie invention.are possible: 
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Minimal U4Gpmduc^on using ihsh^allaSon of FigufBl. in this case, the 
GTL plant is typically constructed near an existing/future LN6 baseload plant in 
order to benefit from its infrastructure^. 

. Air 1 is compressed in a main air compressor 3 to a pressure of 21.5 bar. 
.5 and is cooled through the use of a. mechanical refngisration unit or an absorption 
refrigeration unit to a temperature of 12**C. Air 1 is then purified through 
adsort)ers 5 containing typically and molecular sieve and impurities like water 
and CO2 are removed.* A low temperature fr>f the purification unit is preferred for 
several reasons: air will enter the main heat exchanger at a lower temperature 
10 allowing an increase in the LN6 production, air will content jess crater and 
adsorption is more efficient therefore less alumina and molecular sieve will be 
required. Air 1 (base = 1000 Nm%) is then introduced In a main heat exchanger 
7 typically of the plate-fin brazed aluminium type (alternately a spiral wound 
exchanger may be used) and is cooled to a temperature of -145X and split in 
15 two streams 9, 11: first stream 9 (848 Nm%> is expanded through an expansion 
turbine 13 to a pressure of 5.6 bar, a temperature of -173.5''C and a liquid 
fraction of more than 10%. It tuis been assumed that the energy resulting from 
this expansion is recovered in a generator. Nevertheless, several other 
alternates are available such as: 
20 • braicing the turt>ine by a booster prior to or after the purification unit 

allowing a reduction in the discharge pressure of the main air compresson 
or ■ • ,^ . , 

• transferring the power of the expansion turbine to the shaft of the main air 
compressor or Its driver either directly or through a gear. 

25 Second stream 11 (152 NmVh) is further cooled, condensed and subcooled to a 
temperature of -174.8X. Both streams are introduced into the medium pressure 
column 15 of the cryogenic air separation plant Oxygen enriched and nitrogen 
enridied streams are removed from the medium pressure column 15 and sent to 
the low pressure column 17. From- this distillation column 17» a liquid oxygen 

30 enriched stream 21 (200 Nm^/h) is removed and pumped by pump 23 to a 
pressure of 53.5 bar. two gaseous riiti^ogen enriched streams 19.27 are also 
removed, on 19 firbm the low pressure' column 17 at low pressure 1.25 bar abs. 
and a temperature of -176^ (this stream has been used to.subcool streams 
internal to the distillation section; flow: 720 Nm^/h), another 27 from the medium 
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pressure column 15 at medium pressure 5.5 bar abs. and -177.8^ (flow 80 
Nm%). Those three streanris 19. 21, 27 are vi^rmed in the heat exchanger 7. A 
pre*treat d natural gas stream GN 25 (firom which Hg. H2S, H2O and COa hav 
been removed) at a pressure of 60 bar abs. and a temperature close to ambient 
5 is introduced into warm end of the heat e)^anger 7 with a flow of 38 Nm^/h. If 
stream 25 contains heavy hydrocarbons; it can be removed at an intermediate 
temperature of the exchanger 7 to remove those heavy hydrocarbons as shown 
in US Patent 5,390.499 and then reintroduced in the heat exchanger 7 to be 
further cooled to a temperature of around -165X and sent to storage after 

10 expansion through a valve or a liquid turbine as flow GNL. The liquefied natural 
gas is removed from the heat exchanger 7 at a point upstream of the point at 
which air stream 9 is removed ttierefrom. 

Intermediate liquid production u&ng the installaUcm of Figure 2. Air 1 is 
compressed by compressor 3 to an intermediate pressure preferably between>5 

15 and 25 bar abs, typically around 15 bar abs and is cooled through the use of a 
mechanical refrigeration unit or an absorption refrigeration unit to a temperature 
of 12^C. Air is then purified through adsorbers 5 containing typicaliy alumina and 
molecular sieve and impurities like water and CO2 are removed. Air (base - 
1000 Nm%) is further compressed in a booster 6 to a pressure of 50 bar abs.. 

20 cooled and then introduced in an heat exchanger 7 typically of the p|ate*fin 
brazed aluminium type (altemately a spiral wound exchanger may be used) and 
is cooled to a temperature of -77''C and split in two streams: first stream 9 
(708 Nm^/h) is expanded through an expansion turbine 13 to a pressure of 5.6 
bar, a temperature of -1637X. Second stream 11 (292 Nm^/h) is further 

25 cooled, condensed and subcooled to a temperature of -174.4"C. Both streams 
are introduced into the medium pressure column 15 of the cryogenic air 
separation plant Oxygen enriched and nitrogen enriched streams are removed 
from ttie medium pressure column 15 and sent to the low pressure column 17. 
From this dis;tiilation column 17, a liquid oxygen enriched stream 21 (200 Nm%) 

30 is removed and purnped to a pressure of 53.5 bar, two gaseous nitrogen 
enriched streams 19. 27 are also removed, one 19 at low pressure 1.25 bar and 
a temperature of -175.4X (this stream has been used to subcool streanris 
internal to the distillation section; flow: 7^0 Nm'/h), another 27 at medium 
pressure 5.5 bar and -177.8''C (flow 80 Nm^/h). Those three streams are 
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warmed in the heat exchanger and oxygen 21 is vaporized. A pre*treated natural 
gas stream 25 GN (from which Hg, H^S, HA COz and any.other impurity which 
may solidify have been removed) at a pressure of 60 bar abs. is precboled to a 
temperature of (tyr^cally using a propane cyde like that described in US 
5 Patent 3,763.658) is introduced in the heat exchar^r 7. The flow of natural gas 
is 134 Hfr?H\. Heavy hydrocarbons have been rmioved during this precooiing 
phase, it is then Introduced in the heat exchanger 7 to be further cooled to a 
temperature around -165X and send to storage after expansion through a vah/e 
or a liquid turbine, upstream of turbine 13. 

10 Large liquid production in the instanation of Figure 3. Air 1 is compressed 

to a medium pressure in compressor 3 (5.4 bar^and is cooled through the use of 
a mechanical refrigeration unit or an vabsorption refrigeration unit to a 
temperature of 12''C. Air is then purified through adsorbers 5 containing typically 
alumina and molecular sieve and impurities like water and CO2 are removed. Air 

15 (base = 1000 Hit?lt\) is then mixed with recycled air 31 (flow 364 Nm^/h) and 
further compressed to a pressure of 70 bar abs. in booster 6, cooled and then 
introduced in an heat exchanger 7 typically of the plate*fin brazed aluminium type 
(alternately of the spiral wound exchanger type) and is cooled to a temperature of 
-36X and split in two streams 9, 11 : first stream 9 (1014 Nm^/h) is expanded 

20 through an expansion turbine 1 3 to a pressure of 5.6 bar abs., a temperature of - 
149.8'*C and split in two substreams 31, 33 : one 33 is introduced in the medium 
pressure column 15 and one 31 is recycled in exchanger 7. Second stream ;t1 
(350 Nm^/h) is further cooled, condensed and siA)cooled to a temperature of - 
174.2''C. It is introduced in the medium pressure column 15. Oxygen enriched 

25 and nitrogen enriched streams are removed from the medium pressure column 
15 and sent to the low pressure column 17. From this distillation column 17, a 
Bquid oxygen enriched stream 21 (200 Nm%) is removed and pumped to a 
pressure of 53.5 bar, two gaseous nitrogen enriched streams 19, 27 are also 
removed, one 19 at low pressure 1.25 bar and a temperature of -175.2X (this 

30 stream has been used to subcool streams internal to the distillation section; flow : 
720 Nm^/h), another 27 at medium pressure 5.5 bar and -177.8X (flow 
80 Nm^yh). Those three streams are warmed in the heat exchanger and oxygen 
is vaporised. A pre-treated natural gas stream 24 GN (firom which Hg, H2S, H2O 
and CO2 have been removed) at a pressure of 60 bar abs. is precooled to a 
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temperature of (typically using a propane cyd as in US Patent 

3J63»658) is introduced in the heat e)a^anger 7« with a flow of 280 Nm^/h. 
Heavy hydrocarbons have been removed diimng this precooling phase. It is then 
introduced in the heat exchanger to be further cooled to a temperature around - 
165X and send to storage after expansion through a valve or a liquid turbine. 

The table below shows ttie production of LNQ and the power consumption 
for a GTL plant using 20000 t/day of oxygen. 





LNG 

10®t6ns/yearMW 


Power consumption 


ASU alone (Fig. 6) 


0 


339 


Minimal (Fig. 1) 


0.8 


362 


intermediate (Fig. 2) 


2.7 


448 


Large (Fig. 3) 


5.7 


582 



When comparing minimal LNG production to ASU alone, the air 
separation unit is much simpler, a single anr compressor compared to an air 
compressor and a booster air compressor, a precooling system and a purification 
unit operating at a higher pressure allowing a significant reduction in size of 
those equipment thanks to the smaller volume fiow and to a better efficiency of 
adsorption. Therefore, this minimal liquid production is made available for a- 
negative investment. 

Alternatively a process as shown in Figure. 4 may be used. The 
advantage of this solution is that the natural gas is in indirect heat exchange only 
with inert gases. 

In this case air 1 is compressed in a main air compressor 3 to a pressure 
of 215 bar and is cooled through the use of a mechanical refrigeration unit or an 
absorption refrigeration unit to a temperature of 12X. Air 1 is then purified 
through adsorbers 5 containing typically alumina and molecular sieve and 
impurities like water and CO^ are removed. Air 1 (base = 1000 Nm%) is then 
introduced in a main heat exchanger 7 typically of the plate-fin brazed aluminium 
type (alternately a spiral wound exchanger may be used) and is cooled to a 
temperature of -145X and split in two streams 9. 11 : first stream 9 (848 Nm^/h) 
is expanded through an expanston turbine 13 to a pressure of 5.6 bar, a 
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temperature of -173.5''C and a liquid fraction of more than 10 mol.%. Second 
stream 11 (152 Nm^/h) Is further cooled, condensed and subcooled to a 
temperature of -174.8''C. Both streams are introduced into th m dium pressure 
column 15 of the cryogenic air separation plant but at different levels. Oxygen 

5 enriched and nitrogen enriched liquid streams are removed from the medium 
pressure column 15 and sent to the low pressure column 17. Nitrogen enriched 
gaseous stream 27 (flow: 80 Nm%) is also removed from this column. . From this 
distillation column 17. a liquid oxygen enriched stream 21 (200 Nm^/h) is 
removed and pumped by pump 23 to a pressure of 53.5 bar, a gaseous nitrogen 

10 enriched streams 19 is also removed from the low pressure column 17 at low 
pressure 1.25 bar abs. and a temperature of -176'*C (this stream has been used 
to subcool streams internal to the distillation section; flow : 720 Nm^/h). Those 
two streams 1 9, 21 are wanned In the heat exchanger 7. 

A pre-treated natural gas stream GN 25 (from which Hg, H2S, H2O and 

15 CQa have been removed) at a pressure of 60 bar abs. and a temperature close 
to ambient is introduced into an additiondl heat exchanger 32 with a flow of 38 
Nm^/h. If stream 25 contains heavy hydrocarbons, it can be removed at an 
intermediate temperature of the additional exchanger 32 to remove those heavy 
hydrocarix>ns as shown in US Patent 5,390,499 and then reintroduced in the 

20 additional heat exchanger 32 to be further cooled to a temperature of around - 
165^'C and sent to storage after expansion through a vatve or a liquid turbine as 
flow GNL. In the additionai heat exchanger 32, the natural gas exchanges heat 
with nitrogen enriched gaseous stream 27 and a fluid flowing in a dosed circuit 
26. The fluid in this circuit is typically an inert gas such as argon, nitrogen, CF4, 

25 HCF3 or any other refrigerant. It is heated In exchanger 32 yiihere it is at least 
partially vaporised (or pseudo-vaporised if above supercritical pressure) and 
cooled down in exchanger 7 where it is at least partially condensed (or 
pseudo-condensed if above supercritical pressure). The liquefied natural gas is 
removed from the heat exchanger 32. 

30 A 20,000 ton/day (7.3 million tons per year) oxygen air separation unit 

carlnot be built today in a single train essentially due to size limitatioris for the 
columns. Typically 3 to 5 trains are required. On the contrary, it is possible to 
built a single liquefection train for a size of 14,000 ton/day (5 million tons per 
year). Therefore, an optimisation of the solution of Figures 1 to 4 in terms of 
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architecture of the whol plant could consist in sending one (or sev ral) cold 
fluid(s) (typically nitrogen enriched fluid eith r liquid or vapor) from each of the air 
separation trains to the single natural gas liquefaiction train (see Figure 5 in which 
three trains are used. ASU train 1. ASU train 2 and ASU train 3) rather than to 
5 send a natural gas stream to each of the air si^paration trains. Similarly to the 
process of Figure 4, nitrogen 27 is removed from all three trains (or at least one 
of the trains), mixed to from a single stream and sent to a first heat exchanger 
and then a second heat exchanger. Circuit fluid 26 is cooled in the heat 
exchanger 7 of each train, mixed to form a sinijle stream and then sent to heat 
10 exchanger 32 where it is warmed before being separated and sent back to the 
trains. Natural gas 25 is pre-cooled in the exchanger 34 against a propane and 
the nitrogen 27. Propane will be typically vaporised at different levels of 
pressure. Alternately, a mixed refrigerant cycli3 could be used to perfomn this 
precooling. Thereafter in exchanger 32 natural ijas is cooled against the nitrogen 
15 27 and the inert gas 26 in the circuit. 

Another optimisation results from the fad: that an air separation unit where 
oxygen is vaporised between 30 and 60 bar can provide cold at viery low level of 
temperature (130"C to - 110"C). Therefore it is possible to condense natural 
gas (depending on its composition) at low pressures between 10 and 20 bar abs. 
20 Two options are then available: 

1^^ if natural gas is available on site at pressures between 40 and 60 
bar abs. It is possible to expand this natural gas sentropically either 
from ambient temperature or afl:er propane recooling (preferred 
solution); when applying this optimisation to Fig. 1 and 2, LNG 
25 production becomes respectively 1.0 Mt/y and 3.1 Mt^y, power 

consumption respectively 361 MW and 441 MW; or . 
2"^ reduce the number and/or the power consumption of the 

ompressors which send the natursil gas on site. 
In Figures 1 to 3. stream 27 can be omitted. In Figure 4, part of stream 19 
30 could replace stream 27. 

In all the Figures, it is possible to produce argon in classical fashion using 
stream 18. It is also possible to send part of stream 1 1 to low pressure column. 
Moreover, liquids extracted from medium pressiure column can be cooled down 
by indirect heat exchange with stream 19 prior to expand them in a valve and 
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introduce th m in the low pressure column. It is also posslbl to replace the 
e)9)W«on valves on stream 11 arxl on LNQ by Kqukiturtrin If ahy of the 
compressor is driven by a gas turbine it is also possible to extract air from this 
gas turbine to feed at least partially the air separation unlt(s>^ 
5 Figure 6 shows ah air separation unit as known from the prior art without 

any natural gas iiquefoctton. 

Air 1 is compressed to a medium pressure in compressor 3 (5.8 bar) and 
is cooled through the use of a mechanical refrigeration unit or an absorption 
refrigeration unit to a temperature of 1 2X. Air is then purified through adsori:)ers 

10 5 containing typically alumina and molecular steves and impurities like water and 
CO2 are removed. Air (base = 1000 Nm^/h) is then divided in 2 streams. First air 
stream (flow 455 Nm^/h) is further compressed to a pressure of 66 bar abs. in 
booster 6. cooled and then introduced in an heat exchanger 7 typically of the 
plate-fin brazed aluminium type (alteimately of the spiral wound exchanger type) 

15 and is cooled to a temperature of - 98X and split in two substreams 9. 11: first 
stream 9 (65 Nm%) is expanded through an expansion turi^ine 13 to a pressure 
of 5.6 bar abs„ a temperature of -173.4X and introduced in the medium 
pressure column 15. Second substream 11 (390 Nm%) is further cooled, 
condensed and subcboied to a temperature of -168.2''C. It is introduced in the 

20 medium pressure column 15. Second air stream (flow 545 Nm^/h) i$ cooled in an 
heat exchanger 7 and also introduced in medium pressure column. Oxygen 
enriched and nitrogen enriched streams are removed firom the medium pressure 
column 15 and sent to the low pressure column 17. From this distiiiatton column 
_ 17, a lk)uid oxygen enriched stream 21 (200 Hm%) Is removed and pumped to a 

25 pressure of 53.5 bar, two gaseous nitrogen enriched streams 19, 27 are also 
removed, one 19 at k>w pressure 1.25 bar and a temperature of -175.2X (this 
stream has been used to suboooi streams internal to the distillation section; flow.: 
720 Nm^/h). anottier 27 at medium pressure 5.5 bar and -177.8*G (flow 80 
Nm%). Those tiiree streams are warmed in the heat exchanger and oxygen is 

30 vaporised. 

Although the inyention has been described in deteil with reference to 
certein prefened embodiments, those skilled in the art will recogriize that there 
are other embodiments of the invention within the spirit and the scope of the 
claims. In particular, any precooling cyde already described for natural gas 
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liquefeiction could be used and any air separation unit eyde with isentropic 
expiahslon could be used to provide refrigeration to liquefy natural gas. 
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